. Details of the calculation of the energy densities and estimated driving distances for Li-ion, Li-S, and Li-air battery cells. a weight of current collector (WPC) = the half weight of a 12 μm thick Al foil for the Li-ion and Li-S batteries, and the half weight of the gas-diffusion layer (SIGRACET® GDL25BA) for the Li-air battery foil, owing to it being coated on both sides with electrode materials. b specific capacity (CPS) = the actual capacity, based on the weight of LiCoO2, and the sulfur and carbon materials in the positive electrode, for the Li-ion, Li-S, and Li-air batteries, respectively. c weight of current collector (WNC) = the half weight of an 8 μm thick Cu foil, owing to it being coated on both sides with electrode materials, for the Li-ion, Li-S, and Li-air batteries. d NP ratio (RNP) = the areal capacity of the negative electrode divided by the areal capacity of the positive electrode. e specific capacity (CNS) = the actual capacity of graphite with respect to Li-ion batteries and the theoretical capacity of lithium with respect to Li-S and Li-air batteries. f weight of separator (WS) = the weight of Celgard ® 3501 g weight of protective layer (WL) calculated using the assumption that the protective layer is the Li-ion conducting glass ceramic film having a thickness of 30 μm and a density of 2.96 g cc -1 . h weight of electrolyte (WE) calculated under the assumption that the weight of the electrolyte is 20% of the total weight of the positive and negative electrode materials and that of the separator. i voltage (VC) = the actual potentials of the electrochemical reactions for the insertion of Li into LixCoO2, the formation of Li2S, and the formation of Li2O2 in Li-ion, Li-S, and Li-air batteries, respectively. j estimated energy density of a battery cell with packing components (EC), calculated under the assumption that the battery cell with packing components is 1.67 times heavier than it was before being packed. k estimated driving distance of an electric vehicle (DEV), calculated using on the basis of the car Nissan Leaf, which uses Li-ion battery cells 3 with an energy density of 140 Wh kg -1 and has a driving range of 160 km. Supplementary Figure S1 The green, red, brown, and pink spheres represent lithium, oxygen, carbon, and hydrogen atoms, respectively.
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